###### Key messages

What is already known about this subject?
=========================================

-   The increased risk of cardiovascular (CV) disease in patients with psoriatic arthritis (PsA) can to some extent be explained by increased prevalence of traditional CV risk factors and the presence of skin psoriasis.

-   Data on changes in CV risk factors over time in patients with PsA are lacking.

What does this study add?
=========================

-   This population-based study investigated the course of body weight, cholesterol, blood pressure (BP) and smoking habits, from 1995 to 2008 in patients who were diagnosed with PsA during this period.

-   This study implies that unfavourable CV risk factors in PsA were present before the diagnosis was established, perhaps as a result of pre-existing skin psoriasis.

How might this impact on clinical practice?
===========================================

-   As unfavourable CV risk factors in patients with PsA were present before the diagnosis was established, the focus on CV disease prevention must begin when the patient presents with psoriasis.

Background {#s1}
==========

Psoriatic arthritis (PsA) is an inflammatory joint and musculoskeletal disease characterised by synovial and enthesal inflammation. Several studies have demonstrated an increased prevalence of cardiovascular (CV) risk factors in patients with PsA.[@R1] A systematic review concluded with increased CV morbidity in patients with PsA, including myocardial infarction, cerebrovascular and peripheral vascular disease.[@R4] We have previously reported increased prevalence of obesity, hypertension, triglyceride level and angina pectoris in patients with PsA from the Nord-Trøndelag Health Study (HUNT) 3.[@R3] Whether increased CV risk factors are present prior to diagnosis of PsA or a result of the disease itself has not been clarified.[@R6] Unlike rheumatoid arthritis (RA), where a decrease in body mass index (BMI) and lipids over the disease course is well recognised, there is a paucity of studies exploring changes in CV risk factors in patients with PsA.[@R7] The aim of this study was to compare changes in CV risk factors between HUNT2 (1995--1997) and HUNT3 (2006--2008) in patients who are diagnosed with PsA in this time period and the background population.

Research design and methods {#s2}
===========================

Study population {#s2a}
----------------

Patients were recruited from the population-based HUNT studies, which have been performed three times: HUNT1 (1986--1988), HUNT2 (1995--1997) and HUNT3 (2006--2008). Nord-Trøndelag is one of 19 Norwegian counties and is located in the middle part of the country. Description of the HUNT studies has been published in detail.[@R9] A total of 93 680 adults were eligible for participation in HUNT3, and out of these 50 807 participated (54%). In HUNT3, 338 persons (0.67%) were validated to have PsA according to the ClASsification of Psoriatic ARthritis (CASPAR) criteria.[@R10] All the patients had a diagnosis of psoriasis verified by a dermatologist or a rheumatologist as well as arthritis at peripheral joints and/or at spine verified by a rheumatologist. The diagnosis of spinal involvement was based on inflammatory back pain (IBP) and limitation of motion of the lumbar spine. IBP was defined as chronic low back pain that improves with exercise and is not relieved with rest; insidious onset; onset before the age of 40 years and pain at night. This study includes 37 070 persons who participated in both HUNT2 and HUNT3. Of 338 PsA cases identified in HUNT3, 151 were diagnosed between HUNT2 and HUNT3 (through 2008) and included in this study. Patients diagnosed with PsA before HUNT2 were excluded. The persons who developed PsA were compared with non-PsA controls matched in a 1:5 ratio for age and sex (n=755).

Outcome measures {#s3}
================

Changes in the following CV risk factors were the outcomes of interest: weight, BMI, blood pressure (BP), cholesterol, triglycerides and smoking. The disease characteristics of the 151 patients with PsA, including use of synthetic and biological disease modifying antirheumatic drugs (DMARDs) were obtained from reviewing patient hospital medical records through 2008. The only biological DMARDs available in Norway at the time of the study were tumour necrosis factor inhibitors, and the hospital is the exclusive prescriber of this medication to all patients. C reactive protein and erythrocyte sedimentation rate values were only available in the HUNT3 study. BP was measured with Dinamap 845XT Criticon apparatus. The average of the second and third measurement was used. Smoking was reported as daily smoking of cigarettes. Non-fasting blood samples were analysed in mmol/L for triglycerides, total cholesterol (TC) and high-density lipoprotein cholesterol (HDL-c) by standardised methods at Levanger hospital. Low-density lipoprotein cholesterol (LDL-c) was calculated using the Friedewald formula (TC -- HDL-c -- (triglycerides/2.2)) excluding those with triglyceride concentrations≥4.5 mmol/L.[@R11]

Statistical analyses {#s4}
====================

Statistical analyses were performed with SPSS for Mac V.21 (Chicago, Illinois, USA) and R for Windows. Statistical significance level was set at p\<0.05. The demographical data were compared with mixed models to account for the matching design and also compared with the whole HUNT population. Diagnosis of PsA was registered as a dichotomous variable. Differences in mean change from HUNT2 to HUNT3 in weight, BMI, lipids and BP between the two groups with 95% CI were calculated with mixed linear models, to account for the correlations between repeated measurements within each patient, the matching design and missing values. For BP and lipids, possible confounding variables (BMI, smoking and use of antihypertensive medication at HUNT2 and HUNT3) were also added to the mixed model. The proportion of smokers in HUNT2 and HUNT3 were compared with Fisher's exact test because of small numbers.

Results {#s5}
=======

As shown in [table 1A](#T1){ref-type="table"}, 57.6% were females, and mean age±SD was 43.8±10.1 years. At baseline (HUNT2), the patients who developed PsA compared with controls had higher BMI (27.2 vs 25.9 kg/m^2^, p\<0.001) and lower HDL-c (1.32 vs 1.40 mmol/L, p\<0.03), and more were smokers (41.1 vs 28.5%, p\<0.01). Seventy-eight per cent had skin psoriasis. The mean (±SD) PsA disease duration at HUNT3 was 4.8±3.0 years, and mean (±SD) disease duration of skin psoriasis at HUNT3 was 11.4±10.4 years ([table 1B](#T2){ref-type="table"}). The number of patients with PsA currently using methotrexate, leflunomide and biological DMARDs in 2008 was 45 (24.9%), 37 (24.2%) and 15 (9.9%), respectively.

###### 

Demographics of the patients developing PsA and controls at HUNT2 (observed values)

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------
                                         Patients who develop PsA (n=151)   Matched controls (n=755)   P values\*   Non-matched controls (n=36 812)   P values†
  -------------------------------------- ---------------------------------- -------------------------- ------------ --------------------------------- -----------
  Female sex, n (%)                      87 (57.6)                          435 (57.6)                 NA           20 314 (55.2)                     0.55

  Age, years (SD)                        43.8 (10.1)                        43.8 (10.1)                NA           47.1 (13.4)                       \<0.001

  Married or partner,\                   102 (67.5)                         521 (69.0)                 0.61         24 839 (67.5)                     0.98
  n (%)                                                                                                                                               

  Skin psoriasis, n (%)                  100/128 (78.1)                     NA                         NA           NA                                NA

  Weight, kg (SD)                        80.4 (15.5)                        76.0 (13.5)                \<0.001      76.4 (13.6)                       \<0.001

  Height, cm (SD)                        170.0 (8.6)                        170.8 (9.1)                0.19         170.7 (9.0)                       0.30

  Body mass index, kg/m^2^ (SD)          27.2 (4.5)                         25.9 (3.7)                 \<0.001      26.2 (3.9)                        \<0.01

  Current smoking, n (%)                 62 (41.1)                          215 (28.5)                 \<0.01       9341 (26.6)                       \<0.001

  Total cholesterol, mmol/L (SD)         5.85 (1.16)                        5.77 (1.16)                0.47         5.83 (1.2)                        0.87

  HDL cholesterol, mmol/L (SD)           1.32 (0.35)                        1.40 (0.39)                0.03         1.39 (0.38)                       0.01

  LDL cholesterol, mmol/L (SD)           4.83 (1.04)\                       4.81 (1.05)\               0.87         3.68 (1.08) (n=35 774)            0.83
                                         (n=146)                            (n=735)                                                                   

  Triglycerides, mmol/L, median (IQR)    1.87 (1.23)                        1.69 (1.10)                0.08         1.7 (1.09)                        0.05

  Systolic blood pressure, mm Hg (SD)    132.7 (15.0)                       131.5 (16.6)               0.40         132.7 (15.0)                      0.35

  Diastolic blood pressure, mm Hg (SD)   79.9 (10.1)                        79.1 (10.7)                0.41         79.5 (11.3)                       0.68
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------

P values for difference between PsA and matched controls analysed with mixed linear and logistic analysis.

Unless stated, continuous values are mean (SD), categorical values are number (%).

\*Comparing patients with PsA and matched controls.

†Comparing patients with PsA and all non-matched controls.

HDL, high-density lipoprotein; HUNT, Nord-Trøndelag Health Study; LDL, low-density lipoprotein; PsA, psoriatic arthritis.

###### 

Disease characteristics of the patients with PsA at HUNT3 (2008)

  -------------------------------------------------------------------------------------------------------
  Disease characteristics                                        All\         Male\         Female\
                                                                 (n=151)      (n=64)        (n=87)
  -------------------------------------------------------------- ------------ ------------- -------------
  PsA disease duration, years (SD)                               4.8 (3.0)    5.3 (3.2)     4.5 (2.8)

  Skin psoriasis disease duration, years, median (IQR) (n=78)    9.0 (12.3)   9.0 (12.3)    8.5 (12.8)

  Skin psoriasis symptom duration, years, median (IQR) (n=130)   20 (24.4)    18.9 (21.5)   21.2 (28.4)

  Peripheral joint involvement, n (%)                            146 (96.7)   62 (96.9)     84 (96.6)

  Axial involvement, n (%)                                       43 (28.5)    20 (31.3)     23 (26.4)

  Enthesitis, n (%)                                              101 (66.9)   43 (67.2)     58 (66.7)

  CRP value, median (IQR)                                        4.0 (4)\     4.0 (4)\      4.0 (6)\
                                                                 (n=143)      (n=59)        (n=84)

  ESR value, median (IQR)                                        9.0 (14)\    6.0 (9)\      10.0 (15)\
                                                                 (n=139)      (n=57)        (n=82)

  Ever use of peroral steroids, n (%)                                                       

   Previous                                                      66 (43.7)    22 (34.4)     44 (50.6)

   Current                                                       6 (4.0)      3 (4.7)       3 (3.4)

  Ever users of anti-TNF therapy, n (%)                                                     

   Previous                                                      10 (6.6)     1 (1.6)       9 (10.3)

   Current                                                       15 (9.9)     6 (9.4)       9 (10.3)

  Ever use of methotrexate, n (%)                                                           

   Previous                                                      29 (19.2)    10 (15.6)     19 (21.8)

   Current                                                       45 (29.8)    21 (32.8)     24 (27.6)

  Ever use of synthetic DMARDs other than methotrexate,\                                    
  n (%)                                                                                     

   Leflunomide                                                   37 (24.5)    12 (18.8)     25 (28.7)

   Sulfasalazin                                                  8 (5.3)      2 (3.1)       6 (6.9)
  -------------------------------------------------------------------------------------------------------

Unless stated, continuous values are mean (SD), categorical values are number (%).

CRP, C reactive protein; DMARD, disease modifying antirheumatic drug; ESR, erythrocyte sedimentation rate; HUNT3: Health Study in Nord-Trøndelag 3; PsA, psoriatic arthritis; TNF, tumour necrosis factor.

Table 2 shows the difference in mean change in CV risk factors between HUNT2 and HUNT3 in patients with PsA and controls. The patients with PsA gained less weight compared with the control group (2.1 vs 3.9 kg), with a significant difference in mean change of −1.8 kg (95% CI −3.9 to −0.5, p\<0.01). Patients with PsA had a greater reduction in TC values compared with the controls, with difference in mean change between groups of −0.22 mmol/L (p=0.04), however, adding BMI and smoking to the mixed linear model attenuated the association (p=0.08). Both groups showed a reduction in diastolic BP and stable systolic BP, without significant difference between groups. Of all the smokers in HUNT2, 56.5% of the patients with PsA still smoked in HUNT3 versus 54.0% of the controls (p=0.75). More patients with PsA started smoking during the decade compared with controls (8.5 vs 3.1%, p=0.03).

###### 

Changes in cardiovascular risk factors in patients with PsA and matched controls (values obtained from the mixed linear model)

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
                             PsA (n=151)              Matched controls (n=755)   Difference in mean change between groups (95% CI)   P crude                  P\                                                                                  
                                                                                                                                                              value                                                                               
  -------------------------- ------------------------ -------------------------- --------------------------------------------------- ------------------------ ------------------------ ------------------------ ------------------------ -------- --------
  Weight, kg                 80.4 (78.2 to 82.7)      82.5 (80.2 to 84.7)        2.06 (0.90 to 3.22)                                 75.9 (74.5 to 77.3)      79.8 (78.4 to 81.2)      3.88 (3.36 to 4.40)      −1.82 (−3.98 to −0.55)   \<0.01   NA

  BMI, kg/m^2^               27.3 (26.6 to 27.9)      28.2 (27.6 to 28.9)        0.97 (0.57 to 1.37)                                 25.9 (25.6 to 26.3)      27.5 (25.2 to 27.8)      1.53 (1.35 to 1.70)      −0.65 (−1.00 to −0.12)   0.01     NA

  Triglycerides              1.87 (1.70 to 2.04)      1.80 (1.62 to 1.97)        −0.07 (−0.25 to 0.11)                               1.69 (1.60 to 1.77)      1.69 (1.60 to 1.77)      0.00 (−0.08 to 0.08)     −0.07 (−0.27 to 0.12)    0.46     0.99\*

  Total cholesterol          5.85 (5.68 to 6.03)      5.57 (5.39 to 5.74)        −0.29 (−0.48 to −0.10)                              5.78 (5.69 to 5.90)      5.71 (5.62 to 5.81)      −0.06 (−0.15 to 0.02)    −0.22 (−0.43 to −0.02)   0.04     0.08\*

  LDL cholesterol            4.82 (4.66 to 4.10)      3.44 (3.28 to 3.60)        −1.39 (−1.56 to −1.21)                              4.81 (4.73 to 4.89)      3.60 (3.52 to 3.70)      −1.2 (−1.28 to −1.13)    −0.18 (−0.38 to 0.01)    0.06     0.11\*

  HDL cholesterol            1.32 (1.26 to 1.37)      1.32 (1.26 to 1.38)        0.00 (−0.04 to 0.05)                                1.39 (1.36 to 1.42)      1.36 (1.33 to 1.39)      −0.03 (−0.05 to −0.02)   0.04 (−0.01 to 0.09)     0.13     0.45\*

  Systolic blood pressure    132.8 (129.9 to 135.6)   132.1 (129.1 to 135.1)     −0.65 (−3.63 to 2.32)                               131.5 (129.9 to 133.1)   131.6 (129.9 to 133.2)   0.02 (−1.31 to 1.35)     −0.67 (−3.93 to 2.59)    0.69     0.98†

  Diastolic blood pressure   79.9 (78.2 to 81.6)      75.5 (73.7 to 77.3)        −4.42 (−9.22 to −2.62)                              79.1 (78.1 to 79.9)      75.1 (74. 1 to 76.1)     −3.96 (−4.76 to −3.15)   −0.46 (−2.43 to 1.52)    0.65     0.90†
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Values are mean (95% CI). Difference in mean change between groups with 95% CI is calculated with mixed models as mean of the patients with PsA minus mean of the matched controls.

\*Adjusted for BMI and smoke at baseline.

†Adjusted for BMI, smoke and use of antihypertensive medication at baseline.

BMI, body mass index; HDL, high-density lipoprotein; LDL, low-density lipoprotein; NA, not applicable; PsA, psoriatic arthritis.

Discussion {#s6}
==========

Longitudinal data from this observational study did not show an increase in CV risk factors in patients who develop PsA compared with controls. In fact, the PsA group experienced a smaller increase in weight during the decade from HUNT2 to HUNT3. However, at baseline, the patients who developed PsA had higher BMI, lower HDL-c and were more often smokers compared with the control group. This may be explained by the fact that 78% in this group had psoriasis symptoms at baseline, and psoriasis is associated with high BMI and other CV risk factors.[@R12]

To our knowledge, there is a paucity of studies exploring the development of CV risk factors over time in patients with PsA. In RA, it has been shown that there is no difference in development of CV risk factors compared with non-RA controls after disease onset for hypertension, high BMI or diabetes mellitus.[@R7] In fact, patients with RA are more likely to develop low BMI and less likely to develop dyslipidaemia over the course of their disease compared to non-RA patients, related to disease-activity.[@R7] However, increased body fat mass with loss of muscle mass is reported in patients with RA.[@R13]

The strong association between obesity and PsA is well recognised and reported in several studies.[@R3] Increased BMI in early adulthood is suspected to be a predictor of PsA.[@R6] Likewise, it has been shown that in patients with psoriasis, the PsA incidence rate increases with increasing BMI.[@R15] However, it has also been hypothesised that the PsA diagnosis leads to a further increase in BMI because of less physical activity from pain and disease activity. Result from this study favours that the increased BMI in patients with PsA is present before the diagnosis. The relationship between obesity, psoriatic disease and CV disease is recently starting to become clear. Adipose tissue is a source of several different adipokines that drive inflammation in psoriatic disease.[@R16] These adipokines are also important in the development of metabolic syndrome and CV disease and may be an important link between psoriatic disease and CV disease.

Of the patients with PsA included in this study, 78% had psoriasis symptoms at baseline in HUNT2, before the PsA diagnosis. Thus, we hypothesise that the increased weight before PsA diagnosis may be associated with psoriasis, as high BMI is also associated with this disease.[@R12] This study implies that further increase in weight in patients with psoriasis who develop arthritis does not happen. However, time of clinical diagnosis of PsA is probably preceded by a 'preclinical phase', that we as yet know little about. It is believed that this phase may already be associated with comorbidities and physiological changes, as proved in RA.[@R17] This can make interpretation of comorbidities related to PsA before and after clinical diagnosis difficult, especially in the setting of already having the systemic inflammatory disease of psoriasis. The smaller weight gain in patients with PsA compared with controls may partially be explained by the patients with PsA being heavier at baseline. Further, the medical attention they receive as a consequence of the PsA diagnosis may include lifestyle interventions for weight loss.

Triglycerides, TC and LDL-c levels declined from HUNT2 to HUNT3, with no difference between patients with PsA and controls. This is in line with other studies demonstrating a decline in lipids in the general population.[@R20] We did not have information on use of statins; however, data from 2016 estimated that between 21% and 28% of the drop in TC could be explained by treatment with statins.[@R21] Also, systolic BP showed a decline from HUNT2 to HUNT3, with no difference between the PsA and the control group. This is in line with previous reports, but the reason for this decline in the population is uncertain.[@R22] The beneficial effect of reduced salt and increased fruit and vegetable intake has been opposed by reduced physical activity and increased BMI.[@R23]

There are some limitations to our study. We did not adjust for potential important PsA clinical factors, such as use of DMARDs and steroids, disease duration of PsA or psoriasis and disease activity. We did not have information on fasting status for the serum lipids values; however, no significant variation between fasting and non-fasting levels of TC and LDL-c has been reported.[@R24] In this study, a relatively small part of patients with PsA were on biological medication (9.9%) compared with present-day clinical experience. However, these data were registered up to 2008, at a point were the use of biological medications in Norway were more limited. Also, the patients with PsA were identified from a population survey, not a clinical hospital setting. However, almost 30% were currently using methotrexate, and in addition almost 20% had used this medication previously. Further, 25% had ever used leflunomide. We therefore believe that the patients with PsA from the HUNT study are comparable with the PsA population in Norway at the time of the study.

In summary, longitudinal 10-year data did not show an increase in CV risk factors in patients who developed PsA compared with the background population. However, at baseline, the patients who developed PsA had higher BMI, lower HDL-c and were more often smokers compared with the control group. This study indicates that unfavourable CV risk factors were present before the diagnosis of PsA was established, probably related to the fact that a majority of the patients with PsA already had psoriasis.
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